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Abstract
The diversity and capacity of human rotaviruses for rapid evolution and genetic reassortment suggests that rotavirus vaccine should be
designed to provide heterotypic protection. The objective of the present study was to provide information on the circulating genotypes
of rotavirus and allied baseline epidemiology in Lucknow, India. In a cross-sectional study, the prevalence of rotavirus G-P types was
studied in patients aged 1–36 months with acute watery diarrhoea. Various sociodemographic, environmental and clinical factors were
assessed as potential predictors of rotavirus infection; 412 patients with acute watery diarrhoea were recruited into the study from
September 2004 to April 2008 and rotavirus was identiﬁed in 19.2% (79/412) cases using ELISA and PAGE. The genotypes identiﬁed
were G1 (38.0%), G2 (15.2%), G3 (16.5%), G9 (10.9%), G4 (5.1%) and mixed G types (10.1%). The most common G-P combinations
were G1P[8], G3P[6], G1P[6] and G2P[8]. Rotavirus diarrhoea was found to occur throughout the year with a single peak in winter
months (November–January). Rotavirus diarrhoea was found to be associated with children not currently breast fed (adjusted OR 2.2,
95% CI 1.3–3.7, p 0.004), children £7 months of age (adjusted OR 1.1, 95% CI 1.0–1.1, p 0.002) and children with severe dehydration
(adjusted OR 1.8, 95% CI 1.1–3.0, p 0.03) using multivariate logistic regression. A high degree of strain diversity of rotavirus G and P
types was detected. Rotavirus was found to be associated with dehydrating diarrhoea, particularly in children aged 0–7 months, placing
them at increased risk of mortality.
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Introduction
Group A rotavirus is the major cause of severe diarrhoea
and dehydration in children worldwide [1]. In developing
countries, rotavirus diarrhoea is a major cause of childhood
death and is responsible for half a million deaths per year
[2]. The distribution of group A rotavirus genotypes shows
seasonal and geographical variation. Four common G types
(G1, G2, G3 and G4) in conjunction with P[8] or P[4] repre-
sent over 88% of the strains worldwide [3]. In addition, the
G9 genotype associated with P[8] or P[6] is emerging as the
fourth most important G type globally. The evolution of new
rotavirus strains is enhanced by the viral genome structure,
consisting of 11-genome segments [4]. It has been demon-
strated that the genomic segments may reassort indepen-
dently when hosts are superinfected with different
rotaviruses [5,6], which may result in new G- and P-type
combinations. Such ﬁndings conﬁrm the importance of con-
tinued active rotavirus strain surveillance in a variety of geo-
graphical settings, in order to provide information for the
development and implementation of an effective, as well as
safe, rotavirus vaccine. An earlier licensed tetravalent human
rotavirus vaccine, Rotashield, containing serotypes G1, G2
and G4 on a rhesus rotavirus background, which provided
the G3 component, was withdrawn in 1999 after the discov-
ery of a small but signiﬁcant increase in intussusception [7].
The aim of this study was to determine the G and P types of
rotavirus strains among 1–36-month-old children hospitalized
with acute watery diarrhoea.
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Materials and Methods
Patients with acute watery diarrhoea admitted to the
Department of Paediatrics (Chhatrapati Shahuji Maharaj Med-
ical University, Lucknow, UP, India) were recruited into the
study, after obtaining institutional ethical clearance and writ-
ten informed consent from the guardians. The study site is a
large teaching and research hospital in Northern India.
The study was conducted from September 2004 to April
2008. Children aged 1–36 months, admitted with acute
watery diarrhoea, were tested for rotavirus by ELISA and
PAGE. For recruitment of cases, diarrhoea was deﬁned as
passage of three or more abnormally loose or watery stools
per 24 h or a change in the number or consistency of stools,
as reported by the guardians (WHO/FCH/CAH/00.12) [8].
The severity of dehydration caused by diarrhoea was
assessed by symptomatic clinical examination as adapted
from the WHO Integrated Management of Childhood Illness
Model Handbook (WHO/FCH/CAH/00.12) [8] and was cate-
gorized into severe, some, or no dehydration.
Data were collected on sociodemographic factors (age,
sex, anthropometric status, educational status of the parents,
breast feeding, socioeconomic status), environmental factors
(proximity to/contact with animals, rural/urban setting, sea-
son) and clinical factors (degree of dehydration, date of diar-
rhoea onset, frequency of stools passed per day, vitamin A
supplementation, routine immunization), and the variables
were evaluated as potential predictors of rotavirus infection.
Anthropometric status of children enrolled in the study was
assessed as underweight (low weight-for-age), stunting (low
height-for-age) or wasting (low weight-for-height) by com-
parison with the National Center for Health Statistics
(NCHS-2000) international reference population, in order to
derive estimates using z-scores at a cut-off point of )3SD
[9].
Rotavirus detection and genotyping
Approximately 5 g of faecal specimens was collected from
hospitalized cases of acute watery diarrhoea, preserved at
)20C and tested for rotavirus by ELISA and PAGE. The
ELISA was performed by RIDASCREEN Rotavirus double
sandwich kit, using monoclonal antibodies against a capsid
protein of gene 6 (VP6) to coat the wells and as a conjugate
to detect the antigen. The RNA was extracted from faecal
suspension using a standard phenol–chloroform extraction
method and ethanol precipitation.
The RNA was electrophoresed in 10% polyacrylamide gel
(2 mm thick) with a discontinuous buffer system, for 16 h at
20 mA, and visualized by silver staining.
G and P typing of rotavirus-positive samples was carried
out by nested and multiplex PCR using consensus and type-
speciﬁc primers as described by Gouvea et al. 1990 [10] and
Gentsch et al. 1992 [11]. Brieﬂy, genotyping was undertaken
by RT-PCR using primers Con2 and Con3 for gene 4 (VP4)
and Beg9 and End9 for gene 9 (VP7). The cDNA was then
used for P type-speciﬁc nested multiplex PCR using primers
for P1A[8], IT-1; P1B[4], 2T-1; 2A[6], 3T-1; P3[9], 4T-1;
P4[10], 5T-1 and for G type-speciﬁc nested multiplex PCR
using primers for G1, aBT1; G2, aCT2; G3, aET3; G4, aDT4;
G8, aAT8; G9, aFT9; and the common primer RVG9.
Sample size and statistical analysis
For sample size calculation, we assumed 20% positivity for
rotavirus in patients with acute watery diarrhoea, as
reported in a previous study from India [12]. To detect this
with a precision of 5% and a level of 95%, a minimum sample
size of 246 patients was required. We continued recruitment
for a longer period to obtain larger numbers of rotavirus-
positive cases of acute watery diarrhoea, in order to study
their genomic diversity.
Data were entered twice into customized software and
analysed using SPSS 13.0 statistical software (SPSS Inc., Chi-
cago, IL, USA). Univariate analysis was carried out for base-
line variables. Z-scores for weight-for-height, height-for-age
and weight-for-age were calculated by using the least mean
square method in an epidemiology information program Epi-
Info 3.5 (CDC, Atlanta, GA, USA [13]). Univariate associa-
tion of rotavirus positivity in patients with diarrhoea was
assessed by calculating OR along with 95% CI and p-value. A
p-value of <0.05 was considered statistically signiﬁcant. Multi-
ple logistic regression analysis was carried out using variables
that had univariate association with rotavirus diarrhoea and
were clinically meaningful.
Results
Genotyping of rotavirus strains
Faecal samples were collected from a total of 412 children
recruited into the study between September 2004 and April
2008. Of these cases, 79 (19.2%) were found to be positive
for rotavirus by at least one screening method (ELISA and/or
PAGE), 76 of which were positive by both methods and
three positive by PAGE only. Out of 79 samples, 72 were
genotyped for both G and P type, six were untypeable for
either G or P type and one was completely untypeable.
Among the strains that could be G-typed, G1 (38.0%) was
the most common type identiﬁed, followed by types G3
(16.5%), G2 (15.2%), G9 (10.1%) and G4 (5.1%). P[8] was
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associated with G1, G2, G4 and G9 genotypes and G2 was
associated with both P[4] and P[8] genotypes. G1P[8] was the
most prevalent strain, although G1 was also detected together
with P[4] and/or P[6] genotypes. Mixed G and/or P genotypic
infections were identiﬁed in 12.7% of the strains (Table 1). All
cases found to be infected with mixed rotavirus genotypes
(G1 + G4, P4 + P6 and P4 + P8) and 80% (4/5) of the
G1 + G2 infected cases were severely dehydrated. The mean
duration of hospital stay for G9 genotype-infected cases
[6.4 days (± 2.6)] was higher compared with other genotypes
(Table 2). The mean duration of hospital stay for severely
dehydrated cases was similar whether rotavirus negative [4.1
(± 1.97)] or rotavirus positive [4.1 (± 1.96)] (data not given).
The mean duration of hospital stay for cases with some dehy-
dration was higher for rotavirus-positive [4.7 (± 2.21)] com-
pared with rotavirus-negative cases [3.9 (± 1.74)] (p 0.02).
Seasonal distribution of rotavirus diarrhoea
Rotavirus diarrhoea was found to occur throughout the year
with peak prevalence in thewintermonths (Fig. 1). Cases of diar-
rhoea reached a maximum in the rainy season, which starts in
May and lasts until August in India (Lucknow—lat. 26 51¢N,
long. 80 55¢E, alt. 123 m). The ratio of rotavirus diarrhoea to
non-rotavirus diarrhoea during thewintermonths ofNovember
through January (averagemaximumdaily temperature 21–24C)
was approximately 1:2 and varied from1:5 to 1:8 for the summer
season from March through August (average maximum daily
temperature,36–41C).
Clinical, sociodemographic and environmental factors
affecting rotavirus diarrhoea
Of the children with rotavirus diarrhoea, 63/79 (79.7%)
were <12 months, 12/79 (15.2%) were 12–24 months and
4/79 (5.1%) were 24–36 months of age. Rotavirus diar-
rhoea led to severe dehydration in 49/79 (62.0%) cases
(Table 3). Multivariate logistic regression analysis showed
that severity of dehydration is 1.8 times higher in cases of
rotavirus diarrhoea (OR 1.8, 95% CI 1.1–3.0, p 0.03) than
in cases of non-rotavirus diarrhoea (Table 4). Children not
currently breast fed were at a higher risk of rotavirus
TABLE 1. Distribution of G types,
P types, and mixed types of human
rotaviruses G type
P type (n, %)
P4 P6 P8 P4 + P6 P4 + P8 UT
a
Total
G1 4, 5.1 7, 8.9 17, 21.5 2, 2.5 – – 30, 38.0
G2 5, 6.3 – 7, 8.9 – – – 12, 15.2
G3 – 13, 16.5 – – – – 13, 16.5
G4 – – 4, 5.1 – – – 4, 5.1
G9 – 4, 5.1 1, 1.3 – – 3, 3.8 8, 10.1
G1 + G2 2, 2.5 – 3, 3.8 – – – 5, 6.3
G1 + G4 – – – – 3, 3.8 – 3, 3.8
UTa – – 3, 3.8 – – 1, 1.3 4, 5.1
Total (N = 79) 11, 13.9 24, 30.4 35, 44.3 2, 2.5 3, 3.8 4, 5.1 79, 100.0
aUT, genotype could not be determined.
TABLE 2. Distribution of G types, P types, and mixed types of human rotaviruses in relation to demographic factors, feeding
practices and severity of disease
Genotype N, %
Setting
(rural) Age
Age
(£7 months)
Sex
(male)
Currently
breastfed
Degree
dehydration
Duration of
hospital stay
(days)Severe Some
N, % Mean, SD N, % Mean, SD
G1 30, 38.0 14, 46.7 7.3 ± 5.6 20, 66.7 18, 60.0 11, 36.7 18, 60.0 12, 40.0 4.6 ± 2.3
G2 12, 15.2 4, 33.3 9.5 ± 8.0 7, 58.3 7, 58.3 3, 25.0 5, 41.7 7, 58.3 3.3 ± 1.9
G3 13, 16.5 2, 15.4 10.0 ± 8.8 7, 53.9 11, 84.6 5, 38.5 9, 69.2 4, 30.8 4.2 ± 1.1
G4 4, 5.1 1, 25.0 12.8 ± 12.0 2, 50.0 3, 75.0 2, 50.0 3, 75.0 1, 25.0 2.8 ± 0.5
G9 8, 10.1 0, 0.0 12.4 ± 7.4 3, 37.5 5, 62.5 2, 25.0 4, 50.0 4, 50.0 6.4 ± 2.6
UT 4, 5.1 1, 25.0 6.5 ± 4.2 3, 75.0 2, 50.0 2, 50.0 3, 75.0 1, 25.0 4.3 ± 1.0
G1 + G2 5, 6.3 2, 40.0 7.8 ± 3.6 2, 40.0 3, 60.0 1, 20.0 4, 80.0 1, 20.0 3.4 ± 1.5
G1 + G4 3, 3.8 1, 33.3 6.7 ± 3.8 2, 66.7 3, 100 0, 0.0 3, 100 0, 0.0 5.0 ± 1.0
P4 11, 13.9 2, 18.2 7.6 ± 6.4 6, 54.6 6, 54.5 5, 45.5 8, 72.7 3, 27.3 3.0 ± 1.5
P6 24, 30.4 4, 16.7 9.4 ± 7.7 13, 54.2 17, 70.8 9, 37.5 18, 75.0 6, 25.0 4.8 ± 2.2
P8 35, 44.3 18, 51.4 8.6 ± 7.1 23, 65.7 24, 68.6 11, 31.4 16, 45.7 19, 54.3 4.4 ± 2.3
UT 4, 5.1 0, 0.0 15.0 ± 4.8 0, 0.0 1, 25.0 0, 0.0 2, 50.0 2, 50.0 5.0 ± 0.0
P4 + P6 2, 2.5 0, 0.0 5.0 ± 2.8 2, 100 1, 50.0 1, 50.0 2, 100 0, 0.0 4.5 ± 2.1
P4 + P8 3, 3.8 1, 33.3 6.7 ± 3.8 2, 66.7 3, 100 0, 0.0 3, 100 0, 0.0 5.0 ± 1.0
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diarrhoea (OR 2.2, 95% CI 1.3–3.7, p 0.004) than breast-
fed children (Table 4).
Anthropometric status of children, routine immunization
and any dose of vitamin A supplementation were not signiﬁ-
cantly associated with rotavirus diarrhoea. Socioeconomic
status, educational status of parents, presence of animals in
the surroundings, and rural or urban settings had no signiﬁ-
cant effect on rotavirus diarrhoea incidence.
Discussion
We have found a 19.2% prevalence of rotavirus among cases
of acute watery diarrhoea in hospitalized children aged 1–
36 months. Rotavirus diarrhoea was found to be signiﬁcantly
associated with children aged £7 months and not currently
breast fed.
A marked diversity of rotavirus strains was observed, with
a high prevalence of G1, G2, G3, G9 and mixed rotavirus
infections. The predominant rotavirus genotypes G1P[8],
G2P[4], G3P[8] and G4P[8] comprise nearly 88% of all the
rotavirus infections in the world [3]. In our setting, G1P[8],
G2P[4], G4P[8] with G3P[6], instead of G3P[8], constituted
49.4% of rotavirus infections, indicating a wide range of rota-
virus strains in circulation. In India, molecular epidemiology
of rotaviruses varies geographically, with G1 to G4 as the
predominant strains [14,15], and considerable prevalence of
G9 in northern and central India [16]. In this study G9 was
not detected as the predominant G type, but it appeared
with P[6], P[8] and three untypeable P-types. Mixed G- and
P-type strains were detected as G1(P4 + P6), (G1 + G2)P4,
(G1 + G4)(P4 + P8), (G1 + G2)(P8) combinations. The rota-
virus genotypes G1-G4 and P[8], covered by pentavalent
rotavirus vaccine, comprised 89.9% of the rotavirus geno-
types found in our study. Not all rotavirus genotypes may
elicit similar degrees of dehydration [17]. Hospital stay for
rotavirus-positive cases with some dehydration was signiﬁ-
cantly longer compared with rotavirus-negative cases with
some dehydration. Further studies on severity of disease
with rotavirus genotype variation are required.
There was a peak in cases of diarrhoea from May to
August superimposed on rotavirus diarrhoea cases occurring
throughout the year, as well as one distinct peak in the win-
ter season. Reports from other parts of India show varying
results for seasonal distribution and detection of rotavirus
diarrhoea, with two annual peaks, one in winter and one in
summer [18,19], a single annual peak occurring in winter, or
no seasonal pattern at all, with nearly the same number of
rotavirus diarrhoea cases throughout the year [20,21]. There
FIG. 1. Seasonal distribution of total number of cases of rotavirus
infection and diarrhoea, September 2004–April 2008.
TABLE 3. Association between clinical, sociodemographic and environmental factors, and rotavirus infection
Risk factor
Rotavirus infection (N = 412)
OR (95% CI), p-value
Positive (n = 79) Negative (n = 333)
No. % No. %
Age £7 months 46 58.2 120 36.0 2.5 (1.5–4.1), 0.00
Not currently breastfed Yes 53 67.1 170 51.1 2.0 (1.2–3.3), 0.02
Sex Male 52 65.8 203 61.0 1.2 (0.7–2.1), 0.42
Degree of dehydration Severe 49 62.0 159 47.7 1.8 (1.1–2.9), 0.02
Mother’s schooling <12 years 65 82.3 265 79.6 1.2 (0.6–2.3), 0.59
Father’s schooling <12 years 57 72.2 235 70.6 1.1 (0.6–1.9), 0.78
Monthly family income <Rs. 5000 56 70.9 233 70.0 1.0 (0.6–1.8), 0.87
Setting Rural 25 31.6 109 32.7 0.9 (0.6–1.5), 0.85
Animals in surrounding Yes 30 38.0 140 42.0 0.8 (0.5–1.4), 0.51
Any dose of vitamin Aa Yes 29# 38.2 78## 26.6 1.7 (1.0–2.9), 0.05
WHZ-score £)3SD Yes 17 21.5 57 17.1 1.3 (0.7–2.4), 0.36
HAZ-score £)3SD Yes 35 44.3 98 29.4 1.9(1.2–3.2), 0.01
WAZ-score £)3SD Yes 44 55.7 141 42.3 1.7 (1.0–2.8), 0.03
aResponses ‘do not know’ were excluded from the count (#n = 76; ##n = 293).
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is considerable documentation of a marked diversity in sea-
sonality of not only rotavirus but also of the rotavirus strains
in circulation because of the variation in humidity and tem-
perature across the country.
The majority of rotavirus diarrhoea cases have been
reported to occur between 6 and 12 months of age [22],
but in developing countries rotavirus diarrhoea has been
reported to be prevalent in younger children [23,24], data
that are corroborated by our study: 79.7% of rotavirus-posi-
tive cases were found to be <1 year old and 58.2% cases
were <7 months old. A meta-analysis of three observational
studies in developing countries has shown that breast-fed
children <6 months old are 6.1 times less likely to die of
diarrhoea than infants who are not breast fed [25]. In our
setting, all children in the study had been breast fed at some
point, but it was found that with current breastfeeding the
percentage of rotavirus infection signiﬁcantly decreased.
Children aged 0–7 months were found to be vulnerable to
rotavirus infection, even though breastfeeding offered
protection, which may be due to the lower immune status
of children. Dehydration can occur quickly in cases of rotavi-
rus diarrhoea, particularly in an infant [2], and in this study
rotavirus was found to be associated with severe dehydra-
tion (adjusted OR 1.8, 95% CI 1.1–3.0, p 0.03).
We have found that education and socioeconomic status
of the family are unlikely to be a factor affecting rotavirus
diarrhoea. Furthermore, we found similar rotavirus detection
rates among children from rural and urban settings, with or
without animals in the surroundings. Similar results have
been reported by a Turkish study: socioeconomic and educa-
tional status of parents had no signiﬁcant effect on rotavirus
infection [26].
This is the only study of this region where rotavirus geno-
types were determined and various sociodemographic, envi-
ronmental and clinical factors were evaluated as potential
predictors of rotavirus infection. Earlier studies of Northern
India, including Lucknow, by Ramachandran et al. [16] (a ﬁve-
site study) and Jain et al. [27] (a seven-site study) collected
458 and 1502 faecal specimens, respectively. Both studies
were conducted for a limited time period and only reported
prevalence of G and P types, while sociodemographic, envi-
ronmental and clinical factors were not analysed. The high
degree of strain variation, mixed infections and emergence of
G9 serotype, not covered in currently licensed monovalent
Rotarix and pentavalent Rotateq vaccines, need to be read-
dressed in vaccine development and implementation.
A high degree of strain diversity of rotavirus G and P
types was detected among cases hospitalized for acute
watery diarrhoea. Rotavirus was found to be associated
with dehydrating diarrhoea, particularly in children aged
0–7 months, placing them at increased risk of mortality.
Further research at the community level may provide valu-
able information about genomic diversity and epidemiology
of rotavirus diarrhoea.
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